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RESEARCH ARTICLE

Learning from simulating with system dynamics in healthcare: evaluating 
closer care strategies for elderly patients
Gary Linnéusson a,b and Ainhoa Goienetxea Uriarte b

aDepartment of Product Development, Production and Design, School of Engineering, Jönköping University, Jönköping, Sweden; 
bDepartment of Intelligent Production Systems, School of Engineering Science, University of Skövde, Skövde, Sweden

ABSTRACT
This paper presents results from a simulation case study analyzing care strategies for elderly 
patients in a regional healthcare system (HCS) in Sweden. Three strategies to reduce emer-
gency visits, hospitalisations, and stays were evaluated: care coordinators at emergency 
departments, mobile health clinics visiting fragile patients in their homes, and proactive 
primary care. Using system dynamics modelling and empirical data, the impact on the regional 
HCS was explored considering the reduced care demand and demographic changes. 
Subsequently, the impact on the population's health status was assessed. Combining strategies 
yielded the best outcome, but improving patients' health status may increase long-term care 
demand. The study emphasizes the importance of implementing these strategies to offer 
better care for elderly patients and reduce healthcare costs. Findings highlight the potential 
long-term effects of improving health status and the need for a comprehensive approach to 
address the evolving care demands of an ageing population.
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1. Introduction

Decision-makers are always challenged to make the best 
decisions or apply the best policies to improve or design 
their organisations. In healthcare, these decisions are 
focused on offering high-quality care, providing good 
service times, and still being resource-efficient 
(Goienetxea Uriarte et al., 2017; Larisch et al., 2016), 
while designing systems that will be sustainable in the 
future (Lyons & Duggan, 2015). This is not an easy task, 
especially considering that healthcare systems (HCS) are 
characterised by having many interdependencies 
between different stakeholders and processes, being self- 
organising and having emergent behaviour, having time 
lags, feedback loops, non-linearity, and at the same time 
being path-dependent (Lipsitz, 2012). Moreover, each 
patient is unique and the required services as well as the 
time spent in a specific part of the HCS will be dependent 
on the individual’s health status (Penny et al., 2022). 
Additionally, the expected demographic changes, and 
especially the rise in life expectancy, will make this task 
even more difficult as the demand for healthcare and the 
economic pressure on healthcare providers is expected to 
increase. According to the United Nations (2017), the 
actual world population aged 60 years or over will be 
doubled by 2050 and according to Lindgren (2016), the 
rates of chronic diseases and multimorbidity will also 
increase in elderly patients.

The healthcare infrastructure can be defined by 
different factors (Lyons & Duggan, 2015): 1) 

exogenous factors associated with population 
dynamics (demographics, lifestyle, etc.); and 2) inter-
nal decision variables associated with policy measure-
ments as well as the development of the healthcare 
services to respond to the existing demand by the 
exogenous factors. This paper takes into account 
some exogenous factors and their impact on the 
elderly population dynamics, yet the main focus is 
on internal system variables to analyse different poli-
cies to offer better care for elderly patients (65 years or 
older), to support minimising the care they require 
from the emergency departments (ED) and the sub-
sequent hospitalisations and days staying at the hospi-
tal. Offering timely and effective care for these patients 
proactively, e.g., via primary care (PC), can even 
reduce the need for reactive care in form of unneces-
sary hospitalisations and the complications that are 
associated with hospitalising these fragile patients 
(Boyd et al., 2008). At the same time, a reduction in 
unnecessary visits to the ED can even contribute to 
reducing overcrowding and the long waiting times 
that characterise EDs all over the world (El-Zoghby 
et al., 2016). A key aspect when defining policies or 
making decisions is to have a clear understanding of 
the problem at hand. Therefore, it is vital to obtain 
knowledge about the system’s behaviour and the 
impact that improvements may have before any deci-
sions are taken (Slack & Lewis, 2011). There are dif-
ferent operations management and operational 
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research methods and tools that can support health-
care policymakers to make better decisions. While 
approaches like Lean, Six Sigma or Business Process 
Re-engineering are extensively implemented to sup-
port the improvement of HCSs (Radnor, 2010), their 
inherent trial and error approach makes them limited 
to tackling the complexity of HCSs. Operational 
research and management sciences methods, such as 
simulation, heuristics, Markov processes, mathemati-
cal programming, or queueing theory (Hulshof et al.,  
2012), can offer a better foundation for decision-mak-
ing by modelling the problem and trying to find the 
optimal solution for it (Anderson et al., 2002).

Simulation is one of the most used techniques 
within operations research (Hillier & Lieberman,  
2015). Studies employing simulation to support 
HCS design and improvement have been reviewed 
by several authors (S. C. Brailsford et al., 2009; 
Katsaliaki & Mustafee, 2011; Mielczarek & 
Uziałko-Mydlikowska, 2012; Salleh et al., 2017). 
Although there are different simulation paradigms, 
when the problem under study has a dynamic nat-
ure, as is the case in the presented study, and an 
understanding of different interconnections 
between the various parts involved in the system 
is needed, System Dynamics (SD) is an appropriate 
tool (Linnéusson et al., 2018). SD enables multiple 
testing of scenarios to reach the objectives and 
question own mental models, and at the same 
time, question the assumptions and values govern-
ing the system (Senge & Sterman, 1992). 
Additionally, it also provides the possibility to ana-
lyse policy-level and strategic decisions (Vanderby 
et al., 2015). Several authors have reviewed the use 
of SD in healthcare (Cassidy et al., 2019; Chang et 
al., 2017; Kunc et al., 2018), and defended the need 
for a systems thinking perspective to analyse HCSs 
(De Savigny et al., 2017), as well as studied how to 
restructure HCSs via SD (Homer & Hirsch, 2006; 
Mitropoulos et al., 2022), or applied it for resource 
planning and policy development in HCS via SD 
(Faeghi et al., 2021; Vanderby et al., 2015). In the 
review by Cassidy et al. (2019), an analysis of 
different healthcare settings modelled using SD is 
presented, these being cardiology care, elderly care 
or long-term care services, emergency or acute 
care, hospital waste management, accountable care 
organisation and health insurance schemes, mater-
nal, and child health, as well as orthopaedic care. 
Among the articles identified by the authors, sev-
eral applied SD to reduce visits to EDs using poli-
cies that target specifically elderly patients 
(Cassidy et al., 2019). One of those, presented by 
Ansah et al. (2014), explored different policies to 
manage the long-term care of elderly patients. They 
identified that policymakers should pose attention 

to expanding long-term care services instead of 
building more capacity in the EDs to provide better 
care and reduce ED overcrowding. Similarly, S. 
Brailsford et al. (2004) concludes in her study that 
the total occupancy of hospital beds could be 
reduced significantly by offering care to elderly 
patients in more appropriate services than the ED, 
such as those offered by community care facilities. 
Desai et al. (2008) investigate with SD the future 
demand for social care services from elderly people 
and present an approach to reduce ED visits by 
offering care packages to those with critical needs 
as well as improving home care services rather than 
residential care.

This paper presents the results of a study using SD 
to analyse and evaluate closer care policies for elderly 
patients, including elderly with multimorbidity and 
frequent attender (FA) behaviour, to offer better care 
and at the same time reduce the number of unneces-
sary visits to the ED and the overall cost for the HCS. 
Additionally, the paper also reflects upon some chal-
lenges encountered during the study that may be use-
ful for simulation practitioners.

The article is structured as follows: Section 2 pre-
sents the background, problem context, and the main 
objectives of this study; Section 3 describes the method 
in detail and describes why SD was a suitable 
approach; Section 7.1 presents a simplified causal 
loop diagram (CLD) over the dynamics of elderly 
patients seeking care in the HCS; Section 4 describes 
the developed SD model and the tested scenarios; 
Section 5 presents an extended analysis of the SD 
model to investigate how the health status of elderly 
patients may be impacted; Section 6 discusses and 
reflects on the study and its results; finally, Section 7 
reveals the conclusions.

2. Background

The Swedish region of Västra Götaland (VGR) has 
defined a strategy to transition the HCS to meet 
the challenges of an increasingly older population 
(Västra Götalandsregionen, 2018). One initiative to 
tackle this challenge is to offer closer care to 
patients, meaning that the care often needed in 
the first instance should be provided closer to the 
patient (e.g., primary care, home care, etc.) and 
outside the EDs. Some of the main motivations 
are to decrease existing waiting times, queues, and 
rising costs for hospitals, but most importantly to 
increase the quality of the care provided (Taylor & 
Dangerfield, 2005). However, the lack of coordina-
tion and availability, as well as a reactive and non- 
person-centred focus which usually has charac-
terised PC, has influenced the behaviour of patients 
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that prefer to go to the ED, sometimes unnecessa-
rily, contributing therefore to the ED overcrowding 
(Moskop et al., 2009).

Due to their continuous care need, elderly 
patients require a considerable amount of visits to 
the ED and they also count for a high number of 
hospitalisations (LaCalle & Rabin, 2010). According 
to data from 2016, elderly people (65 or older) in 
VGR were around 320.000. Of these, around 14% 
were patients with multimorbidity, and around 
1,56% of them were FA in the ED, which means 
that they visited the ED at least four times in one 
year (the most common definition of FA, according 
to LaCalle and Rabin (2010)). These types of 
patients have considerably higher rates of visits to 
the ED, hospitalisations, and length of stay at the 
hospital compared to non-elderly patients. These 
variables are especially high when analysing elderly 
multimorbidity patients, who also count for the 
highest avoidable hospitalisation rates (15%) and 
have a high probability of revisiting the ED within 
a month.

An important input to this study has been knowl-
edge from previous successful pilot projects in the 
region including (Kjellström et al., 2019): 1) the intro-
duction of care coordinators in the ED to coordinate 
the care offered to elderly patients in the different 
instances of the HCS; 2) the use of mobile health clinics 
to visit unstable patients or those in need for palliative 
care at home; and 3) proactive care provided in the PC 
facilities. These pilot cases showed that the introduc-
tion of care coordinators helped reduce the amount of 
time the patients were waiting in the ED, reduced the 
number of patients being hospitalised, and reduced 
considerably the number of patients returning to the 
ED within a month. Regarding mobile health clinics, 
they reported positive results with a higher quality of 
care, high-continuity, person-centred care, as well as a 
reduction in the visits to the ED, and the number of 
days being hospitalised. Finally, the proactive care 
offered in PC implied that visits were pre-booked 
systematically and more time was assigned to physi-
cians and nurses to meet and treat elderly patients. 
This proved to reduce 20% of the visits to the ED, 
minimising, in consequence, the number of 
hospitalisations.

Consequently, the main objectives of this study 
were 1) to analyse and model the dynamics of elderly 
patients’ care-seeking behaviour using CLD; 2) to 
simulate how the results of pilot closer care actions 
could impact the overall HCS of the region consider-
ing aspects such as the number of visits in the ED, 
hospitalisations, and the corresponding cost savings; 
and 3) to demonstrate for the regional healthcare 
board the possibilities of using simulation for deci-
sion-making support.

3. Research design

The study was conducted in Sweden and the analysis 
focused on the data obtained from the HCS of the 
region of Västra Götaland. Different stakeholders 
were involved in different ways during the simulation 
model-building process. These can be divided into 
three main groups: 1) the modelling team, who devel-
oped the simulation model and carried out the inves-
tigations and data collection; 2) the regional healthcare 
board, the decision-makers and customers of the 
simulation model results; and 3) experts from primary 
and specialist care interviewed during the study.

The modelling team consisted of six persons, three 
were from the Department of data management and 
analysis with knowledge in statistics, data analytics, 
and logistics. A fourth member was a senior physician 
with expert knowledge of the studied regional HCS 
and its improvement initiatives, and she was also a 
member of the regional healthcare board. The team 
was completed with two researchers from the univer-
sity with expertise in discrete-event (DES) and system 
dynamics (SD) simulation due to enabling either 
approach to be evaluated in the initial discussions 
and study buy-in step described in Table 1. 
Furthermore, a wide group of people from primary 
and specialist care with different knowledge and 
expertise were interviewed to get knowledge and 
information about the system under study. The result 
of the modelling project was reported to the regional 
healthcare board (the decision-makers) who were also 
involved at specific points in time to provide feedback 
on the process.

The overall method to conduct the study included 
multiple steps described in Table 1 and are also gra-
phically represented in Linnéusson and Goienetxea 
Uriarte (2021). The knowledge obtained about the 
problem under study increased greatly after each step 
in the iterative process represented in Table 1, which 
needed to be redefined several times based on new 
information or knowledge gained during the process.

The problem formulation, setting of objectives, and 
model conceptualisation steps consumed most of the 
time from the study, leaving less time for 
experimentation.

4. Understanding the dynamics of elderly 
patients in the healthcare system

Multiple aspects were considered important to represent 
the care-seeking behaviour of elderly patients. These 
were included in a CLD to visualise the causal relations 
and feedback loops leading to the reinforcement of the 
pressure that elderly population visits add to the EDs.

A description of the complete resulting CLD can be 
found in Linnéusson and Goienetxea Uriarte (2021). 
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Table 1. The overall method for the modelling case.

Step Definition of the step Description of how the step was conducted in the study

Initial discussions and 
study buy-in

The first step included discussions to identify potential areas of 
study and analyse the suitability of different modelling and 
simulation paradigms.

The healthcare personnel from the modelling team had 
experience in applying DES to analyse the operations in an 
ED (see Goienetxea Uriarte et al. (2017)). However, the 
present study required increasing the problem boundary, 
not including only the functional perspective in a specific 
department but also the structural perspective between 
actors in the HCS. It was important to be able to evaluate 
policies of moving the offered care to patients from one 
actor (e.g., ED) to another (e.g., PC) to achieve benefits of 
scale or quality. The complexity of identifying trade-offs 
between minimising resources and maximising patient 
care and quality, and their time-dependent nature 
considering short-term and long-term consequences in 
the analysis, were discussed as the qualifiers for choosing 
SD as the simulation paradigm for this study.

Planning the study The study was planned following a process for conducting 
simulation studies based on Banks et al. (2014) and Sterman 
(2000).

An initial plan was established together with the complete 
modelling team that was later adjusted during the project. 
The modelling team met every week.

Problem formulation An iterative step with the purpose to focus the study, 
articulating the problem, and selecting its boundaries. The 
outcome from this step was iteratively improved via the two 
subsequent steps: setting of objectives and model 
conceptualisation.

The problem formulation was initially very open: how could 
closer care be offered for all types of patients in the 
region? A workshop for exploring this problem was 
organised by the modelling team together with different 
stakeholders and subject matter experts from PC, EDs, and 
other departments of the hospital. This workshop showed 
a very varied view of what closer care meant for each 
stakeholder. Therefore, further definition of the problem 
formulation was carried out in the modelling team in 
regular meetings over four months, where different 
statistical patient data were analysed, and multiple 
focuses were explored to formulate the problem 
boundary. The purpose of this process was to obtain an 
understanding of the existing challenges and to identify a 
relevant modelling scope.

Setting of objectives The setting of objectives included defining the model purpose 
to searching for specific solutions within the model, affecting 
the selection criteria on what to include and what to omit.

The study of different cohort patient data and exploring 
potential problem formulations led to defining the 
objectives to guide the model-building process. It was 
decided that a qualitative and a quantitative model with 
different focuses were needed. The qualitative model 
would analyse a larger system perspective and the 
simulation model would just focus on some specific parts. 
The qualitative model aimed to study how the elderly care 
need was generated and how it could be reduced, 
considering also an increase in quality care for these 
patients.The quantitative model aimed to evaluate three 
closer care initiatives for the selected patient groups at the 
regional level, analysing the possible cost reduction effects 
and possible improvements in the quality of care. The 
problem formulation and the defined objectives were 
agreed upon with the decision-makers. 

The qualitative model aimed to study how the elderly care 
need was generated and how it could be reduced, 
considering also an increase in quality care for these 
patients. 

The quantitative model aimed to evaluate three closer care 
initiatives for the selected patient groups at the regional 
level, analysing the possible cost reduction effects and 
possible improvements in the quality of care. The problem 
formulation and the defined objectives were agreed upon 
with the decision-makers.

Data collection This was the step to obtain the needed data and the empirical 
findings fundamental to building the model, but also to 
obtain the correct mathematical relations and define 
structural relations for the studied phenomena.

The data collection step was a vital part of the problem 
formulation process and provided an understanding of the 
problem at hand. But it was also important for selecting 
the focus of the study. Statistical data from the regional 
HCS was studied in detail and sorted on different 
diagnoses, age groups, years, etc. The search for a relevant 
problem and the matching with closer care strategies led 
to the specific data collection regarding elderly patients 
with/without multimorbidity and with a FA behaviour. 
Also, empirical data from three specific closer care 
initiatives were obtained from successful pilot projects. 
Qualitative data were obtained from interviews and 
discussions with the modelling team and subject matter 
experts mainly from PC and ED.

(Continued)
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Table 1. (Continued).

Step Definition of the step Description of how the step was conducted in the study

Model 
conceptualization/ 
Dynamic 
hypothesis

This step included the definition of the conceptual model 
including the main structural elements of the studied 
problem. Hypotheses of how the problem dynamics are 
endogenously generated from the feedback structures within 
the selected boundaries were also formulated (Sterman,  
2000).

The analysis of data, workshops, and discussions with the 
stakeholders and the modelling team provided the 
required knowledge to define a qualitative conceptual 
model of elderly patients’ care-seeking behaviour. The 
modelling with causal loop diagrams (CLD) resulted in a 
conceptual model extensively reported in Linnéusson and 
Goienetxea Uriarte (2021). A simplified CLD over the 
studied dynamics is presented in Section 7.1. The process 
of CLD model building created a common view of the 
studied phenomena and the considered dynamic 
hypotheses within the team.

Model translation This step resulted in a quantified simulation model to enable 
testing scenarios. The model translation step therefore 
included specifications of structure, decision rules, parameter 
estimations, behavioural relationships, initial conditions and 
tests for consistency with the aim of the model.

The model translation step was carried out by the modelling 
team in regular meetings for three months by iterating 
several times the creation, verification, and validation 
steps of the SD model.First, the base model was designed 
and verified towards available data, including how the 
structures could represent and replicate the facts obtained 
from the healthcare databases and total cost estimations. 
When it was validated, the consequences of potential 
closer care strategies were discussed. It resulted in an SD 
model to calculate the three scenarios, where statistical 
data from the region was merged with the empirical data 
from the pilot cases. See Section 4 for more details in this 
step. 

First, the base model was designed and verified towards 
available data, including how the structures could 
represent and replicate the facts obtained from the 
healthcare databases and total cost estimations. When it 
was validated, the consequences of potential closer care 
strategies were discussed. It resulted in an SD model to 
calculate the three scenarios, where statistical data from 
the region was merged with the empirical data from the 
pilot cases. See Section 4 for more details in this step.

Verification and 
validation/Testing

The model was tested to examine its capacity to reproduce the 
required behaviour. SD models are causal-descriptive as well 
as “statements as to how real systems actually operate in 
some aspects” (Barlas, 1996), emphasising the importance of 
structure validation and examining a model’s capacity to 
explain how the behaviour arises. The usefulness of a model 
mainly determines its validation (Sterman, 2000). Hence, if 
the model can be considered relevant and assist decision- 
making in the real world, it supports validation (Bertrand & 
Fransoo, 2002).

The model translation, verification, and validation processes 
were conducted mainly by the modelling team. Tests for 
consistency (direct structure tests to confirm structure and 
parameter settings), were based on historical data and 
face validation (Sargent, 2011), where each sub-structure 
and equation formulation were carefully analysed. The 
choice of how to represent the SD model, with a focus on 
extrapolating the pilot cases to the regional level and 
combining them with the regional healthcare data 
resulted in a more specific perspective than the qualitative 
conceptual model which had a bigger perspective.As soon 
as all feedback loops were closed and units checked in the 
simulation model, the manual parameter testing identified 
improvements in consistency. Moreover, simulation 
allowed extreme condition and behaviour sensitivity tests 
in the Vensim software. 

As soon as all feedback loops were closed and units checked 
in the simulation model, the manual parameter testing 
identified improvements in consistency. Moreover, 
simulation allowed extreme condition and behaviour 
sensitivity tests in the Vensim software.

What-if scenarios/ 
Policy formulation 
and evaluation

To support the policy formulation and evaluation, what-if 
scenarios were explored.

The what-if scenarios, depicted in Table 2, included three 
closer care strategies: 1) the introduction of care 
coordinators in the ED; 2) the use of mobile health clinics; 
and 3) the introduction of proactive care in PC. These were 
compared and combined to analyse their impact on 
reducing the visits to the ED, the number of 
hospitalisations and days at the hospital, as well as the 
resulting costs. Furthermore, an additional set of 
experiments were designed and explored, presented in 
Table 3. See Sections 4 and 6 for more details on this step.

Decision-making Presentation of the results to decision-makers (customers of the 
study).

Once the study was finalised, the results were presented to 
the regional healthcare board that was in charge of 
evaluating and implementing the closer care initiatives in 
the region.
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However, below in Figure 1, a simplified version of the 
CLD is depicted including two central feedback loops: 
one reinforcing feedback loop detailing the care-seek-
ing behaviour of elderly patients at the EDs, Reactive 
and acute care, and one balancing feedback loop 
detailing the desired proactive care by rerouting 
patients through PC instead, Proactive and preventive 
care.

The main factors of these two feedback loops 
together with some important variables are included 
in Figure 1. Variables in red represent some of the 
discussed closer care strategies during modelling, and 
highlighted in blue are the ones studied in the subse-
quent simulation study (see sections 4 and 6). 
Studying the reinforcing loop of Reactive and acute 
care one finds the considered main contributing fac-
tors behind the development of increased demand for 
ED on the aggregated level, where, increased demand 
for ED increments in the queue at the ED, having the 
effect that more elderly than necessary are subject to 
hospitalisations to SpC (specialist care). Yet, this leads 
to higher pressure on the personnel at SpC and lowers 
the quality of discharge planning from SpC. This con-
tributes to fewer people being risk identified, and 
therefore, keeping the level of population with identi-
fied care needs low. Not having individual records of 
patients’ care need leads eventually to a lower degree 
of satisfied care need, decreased trust for the HCS, and 
a diminished self-care ability of the elderly. And 

subsequently, the patients proactively seeking care in 
the HCS are becoming fewer. This leads to fewer 
elderly seeking help via PC, due to not knowing their 
diagnoses and further increasing the demand for ED in 
a long-term escalating loop. However, to turn the loop 
around, efforts to increase the population with identi-
fied care needs were considered essential, since intro-
ducing continuously more new elderly, due to 
demographic change, without being risk identified is 
continuously growing the problem to the worse. The 
effect expected of the demographic changes was one of 
the main reasons not to continue business as usual in 
the studied problem. Hence, the effect of demographic 
changes on the HCS was considered important to 
include in the Base scenario of the simulation model. 
Also, patient surveys showed that patients perceived 
the accessibility of PC as low and this was a reason 
behind fewer elderly seeking help via PC. The main 
issue behind this was the low accessibility in PC (e.g., 
not opened 24 hours or 7 days a week), potentially 
working as a blocking mechanism to reroute patients 
towards the desired proactive and preventive care.

Using CLD enabled mapping of how the different 
closer care initiatives could intervene with the system 
behaviour. As Figure 1 depicts, the three selected sce-
narios support avoiding the undesired dynamics: 
Scenario 1) by increasing the quality of the reactive 
and acute care, thereby, reducing the number of hospi-
talisations, as well as effectively contributing to 

Figure 1. Simplified CLD over elderly patients’ care-seeking behaviour.
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improving the risk identification of the population and 
identifying their care needs; Scenario 2) by consulting 
the most fragile patient groups in their homes, and 
thereby, directly reducing the visits to the ED and low-
ering the demand at ED, as well as increasing the 
accessibility in PC; and Scenario 3) by using more 
actively PC to risk identify the elderly patients.

Altogether, defining the CLD supported having a 
systems thinking perspective to articulate and reason 
around potentially existing feedback explanations to 
the observed phenomena. Also, it unified the model-
ling team to attain a common understanding of the 
problem dynamics before defining the SD model. The 
use of CLD facilitated the definition of the system 
boundary over the care-seeking behaviour of elderly 
patients, from which multiple potential simulation 
scenarios were considered possible. The SD model 
focused on a narrower system boundary to specifically 
calculate the consequences of the three closer care 
initiatives of which empirical data existed from pilot 
case studies. Consequently, the quantitative SD model 
studied a sub-set of the CLD.

5. Analysing the impact of closer care 
strategies with SD

The first step when building the SD model was to 
identify the appropriate structure and data to 
enable replicating the care-seeking behaviour of 
the elderly population and its effects on the visits 
to the ED and consequent hospitalisation days. 
Thereafter, the modelling team started with the 
scenario planning of the closer care strategies. 
Studying the statistical data of healthcare consump-
tion by the elderly and how they could be cate-
gorised into different target groups were vital steps 
to specify the appropriate model structures.

Figure 2 depicts an overview of the parts of the model, 
mimicking the layout of the complete model structure 
found in Figure A1. A complete list of all the equations 
used in the model is presented in Table A1. 

In BS1 (base structure) a stock and flow structure 
over the elderly population’s dynamics to generate 
the current level of care need is modelled. This 
serves to calculate its resulting care load on the 
HCS. The elderly population is divided into different 
cohorts based on their health status. This is due to 
the level of severe morbidity being identified to 
impact the population’s growth and decay mechan-
isms more significantly than age. For example, a 
healthy 90-year-old needs less care and is thus less 
likely to be close to dying than a 65-year-old with 
multimorbidity. The base structure is further defined 
in BS2 by sorting the elderly into three target groups: 
Gr1) elderly without multimorbidity (EwoMM), 
Gr2) elderly with multimorbidity (MM), and Gr3) 
elderly with multimorbidity having FA behaviour 
(FAMM). There were very few FAs in EwoMM 
and, therefore, this target group was omitted. The 
calibration of the BS1 part of the model used avail-
able healthcare data and government estimations on 
the regional population growth for the coming 10- 
year period. Studying the existing data over four 
years indicated a stable portion between the target 
groups. The inflows of new elderly utilised these 
findings (ratioNewEwMM) and the flows of the BS1 
were also calibrated towards keeping a balanced ratio 
of the stock EwoMM, compared to the total elderly 
population (totPop). The stocks of the elderly with 
debuting multimorbidity during the first year 
(Elderly new MM) and those remaining with multi-
morbidity (Elderly MM >1 Year) until the end of life, 
were also calibrated to be kept approximately stable 
based on the same reasoning. These population 
levels were then used as inputs to the BS2 part of 
the base structure where the care load was 
calculated.

In BS2, the number of visits to the ED, the subse-
quent visits to specialist care and further hospitalisa-
tions, and their average length of stay was calculated 
for each target group. In BS3, each visit to the ED and 
hospitalisation days generate a cost which is summed 
up. The impact of these scenarios on the capacity of 

Figure 2. Overview of the parts in the SD model.
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PC and ED was not analysed. The base scenario was 
simulated and verified towards available data.

The model structure also includes variables to 
enable simulating the three closer care strategies as 
scenarios as presented in Table 2.

Hence, for all scenarios, the reduced care load on 
the HCS was calculated in BS2 and the consequences 
on the total costs of the provided care and selected 
strategies were calculated in BS3.

Three years was considered sufficient to reach the 
effects of full implementation of the closer care strate-
gies on a regional level. It was included as a gradual 
ramp-up function (zero to full implementation in 
three years) for the different key parameters it con-
cerned (see Table A1 for detailed equations).

In Table 3 the data from the base scenario are 
provided together with the effects that the different 
closer care scenarios, described in Table 2, have on 
key parameters that were employed in the model. 
All these scenarios reduced the number of unne-
cessary visits to the ED and the number of subse-
quent hospitalisations. For the length of stay per 
hospitalisation, the effects from the closer care 
strategies were absent, except for the target Gr2 in 
the MHC scenario, where a nearly 7% increase was 

observed. This is a result of increased quality of 
care for Gr2 in their homes or nursing homes 
reducing their need to visit the ED in the first 
place, where, those who finally visit the ED will 
to a larger extent be hospitalised for having more 
acute care needs. Regarding the costs, the CC sce-
nario and MHC scenarios had already been funded 
by the region, so no further investments were 
needed to be included in the simulation, while the 
PC scenario required additional investments. See 
Table 3.

Some of the major results from the simulations are 
presented in Figures 3–6. The result graphs depict an 
initial gradual improvement due to initiating the clo-
ser care strategies and their implementation effects the 
first three years, combined with the impacts of demo-
graphic growth throughout the simulated period. 
Figure 3 summarises the overall cost effects for all 
the scenarios, where the base scenario represents the 
current reference on cost estimations due to demo-
graphic growth. The resulting graph depicts that the 
MHC scenario is the most effective individual sce-
nario. However, the combination of all the scenarios 
(CC+MHC+PC scenario) provides even better results 
regarding the overall cost reductions. One of the main 

Table 2. Description of the scenarios tested in the model.

Scenario Description Model structure implications

Care Coordinators 
scenario 

(CC scenario)

The scenario introduces care coordinators at all the EDs in the 
region to enable more accurate risk assessments for elderly 
patients with high care needs. In the long run, these 
patients are continuously followed up and offered care via 
PC. Based on pilot cases, the results of this approach are an 
increased quality of care and a reduction of unnecessary 
hospitalisations. In the long run, this is also reducing the FA 
behaviour, eliminating unnecessary visits to the ED in the 
first place.

The CC scenario sub-structure defines the consequences for 
the different target groups, where the effects are calculated 
in the BS2 structure. The expected effect is a reduction in the 
number of hospitalisations and ED visits due to reduced re- 
hospitalisations.

Mobile health clinics 
scenario 

(MHC scenario)

MHC is composed of a nurse and a physician to provide 
person-centred care to fragile patients in their homes. This 
initiative deployed on a large scale may reduce unnecessary 
visits to the ED, as well as in many cases even hospitalisation 
days.

The MHC scenario sub-structure is incorporated in two of the 
patient target groups in BS2. The expected effect is a 
reduction in visits to the ED. However, also an increment in 
the length of stay for those in need of care.

Proactive Care in PC 
scenario 

(PC scenario)

The scenario introduces more resources to conduct preventive 
and proactive care for elderly patients via PC, including risk 
and function assessments, drug reviews, etc. This action 
leads to a reduced number of visits to the ED.

The PC scenario sub-structure defines the added costs from 
more thorough consultations at PC. The expected effect is a 
reduction in the number of visits to ED for all patients 
calculated in BS2.

Table 3. Overview of approximate effects from the closer care strategies to key parameters. Updated from Linnéusson and 
Goienetxea Uriarte (2021).

Closer Care 
Strategy Target group

Average number of 
visits to ED/year

Average number of times the patient is 
hospitalised/ED visit

Average number of days/ 
hospitalisation Effect on costs

Base scenario Gr1 0.24 .492 9.2 Current cost

Gr2 .909 0.816 16.59
Gr3 .549 0.597 9.25

CC scenario 11% of (.1* Gr1 
+Gr2+Gr3)

revisits reduced by ~  
15%

~30% less, of which ~ 83% had zero 
revisits

No effect Included in the 
current cost

MHC scenario Gr2 0.9→0.8 Reduced from fewer ED visits ~7% increase Included in the 
current costGr3 ~40% reduction No effect

PC scenario .1* Gr1+Gr2+Gr3 ~20% reduction Reduced from fewer ED visits No effect 1.5 * PC visits
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objectives of the closer care strategies was to reduce 
visits to the EDs, this is shown in Figure 4 where the 
CC scenario marginally reduces the visits, while the 
MHC and PC scenario have nearly the same effect. In 

the combined scenario the individually simulated ben-
efits melt into each other. Figure 5 presents the cost for 
total hospitalisations, which are the main cost contri-
butors to the overall costs, also following a similar 

Figure 5. Total hospitalisation costs for the different scenarios.

Figure 3. Total healthcare costs for the different scenarios.

Figure 4. Total visits at the EDs per year for the different scenarios.
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pattern of absorbing some of the individual benefits 
when the scenarios are combined.

In Figure 6, the hospitalisation days per year for 
the combined CC+MHC+PC scenario compared to 
the base scenario are shown. This illustrates which 
patients generate the largest care load and thus 
cost. The largest effect in numbers is found in 
reducing the hospitalisation days for the target 
Gr2 (MM). While the largest improvement in per-
centage is found for Gr3 (FAMM). A small 
improvement effect is observed for Gr1 (EwoMM), 
which is the healthier elderly group considered in 
this study.

The experiments were developed to calculate the 
scaled-up consequences of applying the results of the 
different local pilot cases at a regional HCS level. 
Hence, much investigation was centred on identify-
ing the appropriate data for the targeted population, 
having valid extrapolations, and a good representa-
tion of equations and model structure. However, the 
healthcare experts in the modelling team decided to 
include only empirically founded data in the model 
which had known and verified effects. This implied 
that the simulation model excluded assumptions of 
dynamic dependencies that could explain the reasons 
behind the observed phenomena leading to better 
care in the pilot cases. Consequently, the above sce-
narios applied the SD model as a visualised calcula-
tion model, neglecting its potential use as a vehicle 
for deeper analysis and testing of dynamic assump-
tions. Hence, the concluding results from the experi-
mentations resembled how the Department of data 
management and analysis usually compiled these 
kinds of investigations. However, due to the thor-
ough investigation during the case study, further 
modelling was conducted to explore to which 
extent the developed SD model could investigate 

some of the dynamic assumptions discussed by 
the modelling team.

6. Towards getting more knowledge: 
Exploring dynamic scenarios

During the modelling team meetings, considerable 
discussions were held about the relations between 
target groups, their care need, their health degrada-
tion, and the effects of different health policies on the 
target groups. The BS1 structure of the model included 
a detailed stock and flow structure to generate the 
demographic changes based on the separate target 
groups’ health degradation patterns and their relations 
to each other. The calibrations of the BS1 structure 
were made to fit the data from the HCS database and 
official data from the Swedish Government. Then, 
further studies were conducted to identify and explore 
how the target groups’ health status may change due to 
the closer care strategies.

At first, the BS1 structure was modified to enable 
sensitivity analyses of the parameters regulating the 
flows. The tested parameter ranges were manipulated 
at least twice the expected uncertainty (Sterman,  
2000). However, the significant variables did not affect 
the model behaviour in any incoherent way. Then, 
based on the knowledge of the effects of the closer 
care strategies, revealed by the modelling team discus-
sions, a design of experiments (DOE) was defined. 
Hence, the assumptions in the DOE were designed to 
test the reasoning behind the success of the modelled 
closer care strategies.

The DOE in Table 4 presents the assumptions of 
how the respective closer care strategy (CC, MHC, and 
PC scenarios) could affect the flows regulating the 
dynamic transitions of the modelled population 
cohorts in the BS1 structure directly. In contrast, the 

Figure 6. Hospitalization days for all patient groups for the different scenarios.
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presented results in section 4 used the BS1 structure to 
calculate the overall population and thereafter the 
increase in care load by each target group during the 
simulated period was directly proportional to the 
demographic growth. However, the DOE apply 
changes to the flows inside the BS1 structure, affecting 
the equilibrium between patient cohorts as a conse-
quence of the policies. In consequence, the structural 
dependencies and the transitions of resulting rates 
continuously re-calculate the size of the target groups 
based on the feedback implications between the stocks 
and flows.

Each experiment in the DOE was implemented 
according to Table 4 and analysed towards the out-
come of the extrapolated results from the empirically 
derived calculations in Table 3. The specified improve-
ments for the Target group, Average number of visits to 
ED per year, etc., in Table 3 were not inserted as 
reduction effects in the new experiments. The simu-
lated results revealed that the dynamic CC scenario 
exposed significant similarities to the CC scenario, 
see the depicted comparisons of the hospitalisation 
days in Figure 7 and the total healthcare costs in 
Figure 8. Hence, the assumptions for how the 

underlying population health status may be affected 
in the dynamic CC scenario, Table 4, and the subse-
quent care need they generated, matched rather well 
with the previously calculated CC scenario. It also 
resulted in a healthier population of elderly and, in 
consequence, in increased population growth.

However, the two remaining closer care strategies 
did not show such a clear fit, see Figures 9 and 10. In 
the dynamic MHC scenario the population’s health 
status was improved by providing care to the most 
fragile elderly patients. The results from this scenario 
indicate a need for further experimentation with the 
model. This was partially the case for the dynamic PC 
scenario as well. Therefore, additional experiments 
were carried out which activated the ramp-up switches 
rampUpTimeMHC and rampUpTimeProCarePC for 
the respective scenario (adding a “w” (with) at the 
end of the scenario name).

Figure 9 depicts how both dynamic MHC & MHC 
(w) scenarios resulted in higher total costs than the 
previous MHC scenario. Despite neither of the two 
dynamic scenarios having an expected fit, these find-
ings exposed an insight worth mentioning where the 
result could be traced to the lowered death rate for the 

Table 4. Description of the DOE for the dynamic scenarios.

Variable and origin 
equation SD model changes Dynamic CC scenario Dynamic MHC scenario Dynamic PC scenario

getMM = initConst 
getMM * (Elderly 
withoutMM/ 
initPopEwoMM)

Introduce a variable: 
effQualCareTotPop =  
totPop/ 
demographyIndex 

It reduces people 
getMM by the 
normalised effect of 
an increasingly 
healthier population 
by: 

getMM/ 
effQualCareTotPop

The reactive screening by CCs at 
EDs implies better risk 
identification and is assumed 
to make 2% less getMM

No effect, patients must 
be risk identified to 
receive this care

The screening at PC implies fewer 
patients are likely to getMM due to 
proactive risk identification.Max 
effect is assumed; a 10% reduction 
in getMM 

Max effect is assumed; a 10% 
reduction in getMM

lifespanElderly and 
riskMortalityEwoMM

No changes are implemented. And no effects are considered. However, the riskMortalityEwoMM could be considered affected 
by the dynamic PC scenario, due to the assumed new blend of EwoMM in the stock, using a normalised relation to 
population growth as for getMM.

Elderly new MM = INTEG 
(getMM + newElderly 
MM – getBetter – 
stayMM – drMM, 
initPopMM × 0.52)

Better care shifts the balance between the flows draining this stock. It follows the logic pattern where the ratioMortalityMM 
can shift towards ratioStayMM, but not directly towards ratioGetBetter, instead, the ratioStayMM can shift into 
ratioGetBetter, but cannot shift into ratioMortalityMM; following the pattern: ratioMortalityMM → ratioStayMM → 
ratioGetBetter.

ratioMortalityMM = 0.2 Change ratio Early but reactive risk 
identification at the ED, 
therefore no effect

No effect Proactive risk identification and as 
an effect ratioMortalityMM 
change to .1

ratioStayMM = 0.3 Change ratio Reactive risk identification 
considers changing a third of 
the current flow to getBetter 
(0.3 × 2/3 = a change in 
ratioStayMM to 0.2

No effect Proactive risk identification reduce 
the ratio by half ((current .3) +  
(added from change above .1))/2  
= a change in ratioStayMM to .2

ratioGetBetter = 0.5 Change ratio Given the changes above, 
provide a value in 
ratioGetBetter of 0.6

No effect Given the changes above, provide a 
value in ratioGetBetter of .7

avgMortalityMM >1Y =  
3 × 52 * 1.1

Affect the average, 
current value of 3.3  
years

Small effect, prolong average 
with 25%

This cohort is the target 
group for MHC, 
prolonging the 
average by 50% by 
avoiding hospital

No proactive effect is considered for 
those who remain MM and thus no 
changes in the average value
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Elderly MM >1 Year cohort. This, in turn, led to a 
rather high increment in the same population size of 
the elderly in need of higher levels of care as a con-
sequence of the better quality of care offered by the 

MHC strategy. This is something that should be 
further investigated by the decision-makers if mobile 
health clinics are considered to be applied on a large 
scale in the region, since the long-term effects of this 

Figure 9. Total healthcare cost per year for the MHC scenarios.

Figure 7. Hospitalization days for the respective patient groups for the CC scenarios.

Figure 8. Total healthcare costs for the CC scenarios.
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initiative may lead to a growing population of elderly 
with a high care need and consequently higher costs.

For the dynamic PC scenario, a rather good fit was 
identified considering the elderly with MM and 
FAMM, which was not the case in the dynamic PCw 
scenario, see Figure 10. However, for the stock Elderly 
withoutMM, a clear growth pattern of healthier 65+ 
patients was evident, with the explanation that the 
dynamic PC scenario is impacting the health status of 
patients 65+ by keeping them in good health long into 
the declining years, creating a delayed development of 
multimorbidity and thus a delayed care load on 
the HCS.

In conclusion, the dynamic scenarios indicate that 
it is plausible that closer care strategies will positively 
impact the health status of the elderly population as 
expected. However, additional insights regarding the 
potential long-term consequences of implementing 
the policies have also been identified. An example 
regards the most reactive strategy, implementing the 
MHC, which in the simulation experiment, described 
in Section 4, had the most beneficial impact on the 
overall cost performance. However, a side-effect dis-
covered in the subsequent dynamic scenario, was that 
there might be unintended cost effects due to extended 
life expectancy and thus a growing population of 
elderly with high care needs. Possibly, for those 
already extremely ill in this group of patients, it 
could also include a prolonged period of poor life 
quality. These potential long-term effects were not 
considered during the model-building discussions 
and were not exposed until the experiments in Table 
4 were studied. Additionally, the scenarios in Table 4 
also indicate the need for further studies on the CC 
and PC scenarios. These policies may instead increase 
the portion of elderly with better health, leading to a 
longer life expectancy overall, and potentially also 
leading to a larger population as a consequence. The 
pilot case data had only depicted reduction effects on 

restricted cases and had neither been implemented for 
that long – where any proof of delayed consequences 
from an improved health status of the population on 
the regional level was not yet available. Consequently, 
based on these simulation analyses of how the closer 
care strategies may impact the development of the 
patient cohorts, further investigations to explore 
these consequences are recommended. SD simulation 
modelling would surely support the understanding of 
the delayed ripple effects that are likely to occur in the 
system, creating a larger care load on the HCS in the 
long run. In all, the complex interactions of these 
aspects also change the total cost performance as well.

7. Discussion

This section presents some of the reflections on the 
method chosen to conduct the study, the lessons 
learned, the limitations of the study, as well as the 
results obtained.

7.1. The importance of stakeholder involvement

The importance of stakeholder involvement in simu-
lation projects is not new, and specific challenges arise 
when dealing with healthcare simulation projects such 
as having distributed decision-making structures 
(Tako & Kotiadis, 2015), stakeholders having conflict-
ing interests and perspectives (S. C. Brailsford & 
Vissers, 2010; Eldabi, 2009), too heavy a staff workload 
(Jahangirian et al., 2015) or lack of experience or 
culture of using simulation in the healthcare context 
(Pitt et al., 2016). These are some of the challenges 
faced even during the development of this study as 
described in the following paragraphs.

Already from the beginning of the study, it was 
explained to the healthcare experts in the modelling 
team the importance of a clear problem formulation 
within a rather limited boundary and not a general 

Figure 10. Hospitalization days for FAMM and MM patient groups for the PC scenarios.
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definition such as “better quality of care to less cost”. 
Although there was a willingness to define a clear 
problem, the different views and perspectives on the 
project at hand, the limited stakeholder experience in 
dynamic modelling, the lack of knowledge of the com-
plexity of the problem, as well as not having the 
decision-makers involved actively in the modelling 
team at the beginning of the project, made the initial 
stages of defining the problem and establishing the 
objectives an extremely difficult and unnecessarily 
time-consuming task. The problem focus shifted 
many times from offering closer care to all the patients 
in the region, to just focusing on those with chronic 
diseases, or to those with FA behaviour, to finally 
focusing on elderly patients. This group was finally 
chosen due to their care needs, the expected changes 
in demographics, and existing empirical data and pilot 
projects related to elderly patients. The long process of 
deciding the focus of the study involved searching for 
dynamic hypotheses through analysing multiple data 
from many different perspectives, having workshops 
and discussions with diverse stakeholders, and many 
frustrating meetings within the modelling team. The 
positive side of this process was that the modelling 
team learned from the process and the researchers 
gained substantial knowledge from the HCS. The 
researchers also came to realise that one important 
driver of the stakeholders was the need to deliver 
something that the decision-makers on the top man-
agement of the regional HCS would want to hear to 
buy into the concept of simulation as a decision sup-
port tool even for future studies. Due to this, the 
modelling process suffered from many ups and 
downs even during the final stages of model transla-
tion and experimentation, since including qualitative 
parameters that lacked established evidence or statis-
tical data were considered not adequate to adopt even 
for experimentation purposes by the stakeholders in 
the modelling team. This greatly limited the possibi-
lities of using the model for scenario experimentation. 
This was later on approached by the researchers out-
side the project boundaries by testing different 
dynamics scenarios, as presented in Section 5.

A key aspect when working with non-experienced 
stakeholders in any simulation project is probably to 
provide education not just to the stakeholders who will 
have an active part in the modelling team but also to 
the decision-makers so that the benefits, possibilities, 
and limitations of simulation as a method are clearly 
described. Introductory presentations to simulation 
provided to the modelling team did not prove to be 
sufficient.

The group of decision-makers had very limited 
time due to their workload and participated just at 
three specific points in time during the project: 1) 
deciding to start the study; 2) acknowledging the pro-
blem formulation; and 3) during the presentation of 

the results. As different authors point out, the active 
involvement of stakeholders, especially decision- 
makers, during the simulation study is crucial to 
ensure the acceptance of simulation as a decision- 
support tool (Tako & Kotiadis, 2015; Van der Zee,  
2007). After facing the challenges of the problem for-
mulation stage, a member of the decision-maker 
group was included in the modelling team, so that 
the knowledge gained about simulation as a tool for 
decision-making support and the knowledge gained 
about the HCS could be transferred to the group of 
decision-makers.

After many years of working with simulation in 
the healthcare sector, it seems that there are still 
many barriers to overcome for the extended use of 
simulation in the healthcare context (S. Brailsford,  
2005; Tyler et al., 2022). More experiences like the 
one presented in this paper are surely needed as an 
addition to courses or training for healthcare per-
sonnel, decision-makers, and policymakers to show 
the potential of the method to support decision- 
making.

7.2. Discussion about the chosen method

Simulation was chosen already from the beginning of 
the study as an effective technique to analyse the closer 
care strategies and their impact on the HCS. Although 
both DES and SD were identified as possible methods, 
finally SD was chosen for its capabilities of including 
feedback effects as well as the possibility of studying 
short- and long-term dynamics. But also because the 
problem at hand required to have a system-wide per-
spective. However, the stakeholders were unfamiliar 
with feedback thinking when analysing their data, and 
during the discussions the one-year statistical data 
perspective was prominent. Thinking in terms of 
changes over several years was experienced as abstract 
and very difficult to understand. At this point, CLD 
became an essential tool for discussion and creative 
systems thinking.

An additional general benefit of using SD was to 
provide a base for rich discussions including a sys-
temic perspective. Even though the modelling team 
worked on the definition and construction of the 
model, which provided them with very rich knowledge 
about the dynamics of elderly patients in the HCS, the 
decision-makers did not make use of the CLD nor 
tried to understand the simulation model. They just 
pursued specific results regarding a reduction in the 
number of visits to the ED and the number of hospi-
talisations, as well as the knowledge of the economic 
gain and loss depending on the scenario tested. 
Unfortunately, this perspective limited the use of the 
simulation model and its results. Therefore, the addi-
tional dynamic scenarios presented in this paper were 
developed to provide insights not considered in the 
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initial modelling interventions. However, further stu-
dies are required to complete the model and include 
more dynamic considerations to draw upon more 
reliable analyses for the specific HCS.

7.3. Limitations of the study

Different assumptions have been taken during the 
study that may affect or limit the results and reporting 
of the simulation model.

The pilot studies applying closer care strategies 
demonstrated a positive impact in real-world settings. 
This positive effect was subsequently incorporated 
into the simulation model, and as anticipated, the 
results revealed a positive outcome concerning the 
health of the elderly. However, the extended analysis 
of the SD model not only highlighted the immediate 
benefits of specific strategies but also revealed their 
long-term effects, which would have been challenging 
to predict without the model.

On the other hand, in the studied case, large por-
tions of the required costs to implement the closer care 
strategies had already been invested in the real world 
and were therefore not accounted for in the simulation 
model. Potential investment costs must be carefully 
evaluated and added to any future implementation 
utilising these findings to assure an appropriate eva-
luation of the cost-benefit trade-off between the 
desired effects on population health and the quality 
of care, and the total costs required to achieve those 
benefits.

Additionally, with regards to the presented SD 
model, a limitation exists regarding the lack of 
longer-term data on the proportion of the elderly 
with multi-morbidity. Although the available data 
covered a four-year period and demonstrated a rela-
tively stable distribution among the target groups, 
discussions on the potential consequences of different 
health policies in isolation highlighted the need for 
more comprehensive data. Nevertheless, the model-
ling team upheld the integrity of the developed SD 
model by calibrating it with stable proportions, as only 
empirically founded data was included, omitting 
assumptions about dynamic dependencies.

Subsequently, in the extended analysis of the SD 
model, potential dynamic consequences resulting 
from the isolated reasoning of the considered closer 
care strategies were incorporated. This integration 
provided valuable insights into the combined effects 
of policies on multi-morbidity within the elderly 
population. However, it is important to acknowledge 
that the accuracy and robustness of these analyses 
could significantly benefit from the inclusion of 
longer-term data in the future. Acquiring more exten-
sive data in the forthcoming years would strengthen 
and refine the findings of our analyses.

8. Conclusions

This paper presents a case study where SD modelling 
and simulation have been used to quantify and analyse 
different closer care strategies to offer better care for 
elderly patients and at the same time, reduce the 
number of visits to the EDs, the subsequent hospitali-
sations, as well as the total costs for the healthcare 
system (HCS).

The first part of the modelling process included 
defining a qualitative model using causal loop dia-
grams (CLD), which helped to provide a deeper 
understanding of the problem under analysis and a 
common view in the modelling team about the exist-
ing dynamics of elderly care-seeking behaviour in the 
HCS. It also supported defining the focus of the SD 
simulation model on the three closer care strategies: 1) 
implementing care coordinators in the ED; 2) imple-
menting mobile health clinics; and 3) employing proac-
tive care in PC. Inputs to these scenarios were based on 
existing pilot case studies and their empirical results. 
The simulation results showed that the combination of 
all three scenarios provided the best output and that 
benefits from individual scenarios partly overlap. 
Based on the learnings gained during model building, 
the study also included tests to explore dynamic 
assumptions of how the closer care strategies may 
impact the health of the modelled population. These 
experiments analysed the possible transitions between 
patient cohorts, developing from healthier elderly to 
those with severe care needs, and showed how the 
closer care strategies impact the elderly population. 
Besides, leading to better health and quality of care, 
studying the dynamic effects also exposed potential 
long-run responses that create a larger load on the 
HCS due to the increment in the number of elderly 
people and an increase in their life expectancy. 
Moreover, an extended life expectancy leads to an 
increment of the overall healthcare costs, even if the 
individual healthcare cost is reduced. These insights 
regarding long-term system responses from the simu-
lation strongly suggest that further studies to investi-
gate the system dynamics of healthcare policies are 
needed to better inform decision-makers before 
implementing any extensive HCS policies.

In addition to the description of the model and its 
results, this paper also discusses and reflects upon the 
problems encountered when building the simulation 
model. This reflection may serve other simulation 
modellers, especially those working in the healthcare 
domain.
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